A, Creation Of 5' Nuclease Constructs 
1. Modified DNAPTaq Genes 

The first step was to place a modified gene for the Taq DNA polymerase on a 
plasmid under control of an inducible promoter. The modified Taq polymerase gene 
was isolated as follows: The Taq DNA polymerase gene was amplified by polymerase 
chain reaction from genomic DNA from Thermits aquaticus, strain YT-1 (Lawyer et 
ai, supra), using as primers the oligonucleotides described in SEQ ID NOS:13-14. 
The resulting fragment of DNA has a recognition sequence for the restriction 
endonuclease EcoRI at the 5' end of the coding sequence and a BgHI sequence at the 
3' end. Cleavage with BgHI leaves a 5' overhang or "sticky end" that is compatible 
with the end generated by BamHI. The PCR-amplified DNA was digested with EcoRI 
and BamHI. The 2512 bp fragment containing the coding region for the polymerase 
gene was gel purified and then ligated into a plasmid which contains an inducible 
promoter. 

In one embodiment of the invention, the pTTQ18 vector, which contains the 
hybrid trp4ac (tac) promoter, was used [M.J.R. Stark, Gene 5:255 (1987)] and shown 
in Fig. 14. The tac promoter is under the control of the E. coli lac repressor. 
Repression allows the synthesis of the gene product to be suppressed until the desired 
level of bacterial growth has been achieved, at which point repression is removed by 
addition of a specific inducer, isopropyl-p-D-thiogalactopyranoside (IPTG). Such a 
system allows the expression of foreign proteins that may slow or prevent growth of 
transformants. 

Bacterial promoters, such as tac, may not be adequately suppressed when they 
are present on a multiple copy plasmid. If a highly toxic protein is placed under 
control of such a promoter, the small amount of expression leaking through can be 
harmful to the bacteria. In another embodiment of the invention, another option for 
repressing synthesis of a cloned gene product was used. The non-bacterial promoter, 
from bacteriophage T7, found in the plasmid vector series pET-3 was used to express 
the cloned mutant Taq polymerase genes [Fig. 15; Studier and Moffatt, J, Mol Biol 
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189:113 (1986)]. This promoter initiates transcription only by T7 RNA polymerase. 
In a suitable strain, such as BL21(DE3)pLYS, the gene for this RNA polymerase is 
carried on the bacterial genome under control of the lac operator. This arrangement 
has the advantage that expression of the multiple copy gene (on the plasmid) is 
completely dependent on the expression of T7 RNA polymerase, which is easily 
suppressed because it is present in a single copy. 

For ligation into the pTTQ18 vector (Fig. 14), the PCR product DNA 
containing the Taq polymerase coding region (mutTaq, clone 4B, SEQ ID NO:21) was 
digested with EcoRI and Bglll and this fragment was ligated under standard "sticky 
end" conditions [Sambrook et ah Molecular Clonings Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor, pp. 1.63-1.69 (1989)] into the EcdBJ and BamHI sites of 
the plasmid vector pTTQ18. Expression of this construct yields a translational fusion 
product in which the first two residues of the native protein (Met-Arg) are replaced by 
three from the vector (Met-Asn-Ser), but the remainder of the natural protein would 
not change. The construct was transformed into the JM109 strain of E. coli and the 
transformants were plated under incompletely repressing conditions that do not permit 
growth of bacteria expressing the native protein. These plating conditions allow the 
isolation of genes containing pre-existing mutations, such as those that result from the 
infidelity of Taq polymerase during the amplification process. 

Using this amplification/selection protocol, we isolated a clone (depicted in 
Fig. 4B) containing a mutated Taq polymerase gene (mutTaq, clone 4B). The mutant 
was first detected by its phenotype, in which temperature-stable 5 5 nuclease activity in 
a crude cell extract was normal, but polymerization activity was almost absent 
(approximately less than 1% of wild type Taq polymerase activity). 

DNA sequence analysis of the recombinant gene showed that it had changes in 
the polymerase domain resulting in two amino acid substitutions: an A to G change at 
nucleotide position 1394 causes a Glu to Gly change at amino acid position 465 
(numbered according to the natural nucleic and amino acid sequences, SEQ ID NOS:l 
and 4) and another A to G change at nucleotide position 2260 causes a Gin to Arg 
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change at amino acid position 754. Because the Gin to Gly mutation is at a 
nonconserved position and because the Glu to Arg mutation alters an amino acid that 
is conserved in virtually all of the known Type A polymerases, this latter mutation is 
most likely the one responsible for curtailing the synthesis activity of this protein. The 
nucleotide sequence for the Fig. 4B construct is given in SEQ ID NO:21. The enzyme 
encoded by this sequence is referred to as Cleavase® A/G. 

Subsequent derivatives of DNAPTaq constructs were made from the mutTag 
gene, thus, they all bear these amino acid substitutions in addition to their other 
alterations, unless these particular regions were deleted. These mutated sites are 
indicated by black boxes at these locations in the diagrams in Fig. 4. In Figure 4, the 
designation "3' Exo" is used to indicate the location of the 3' exonuclease activity 
associated with Type A polymerases which is not present in DNAPTaq. All constructs 
except the genes shown in Figures 4E, F and G were made in the pTTQ18 vector. 

The cloning vector used for the genes in Figs. 4E and F was from the 
commercially available pET-3 series, described above. Though this vector series has 
only a BamHI site for cloning downstream of the T7 promoter, the series contains 
variants that allow cloning into any of the three reading frames. For cloning of the 
PCR product described above, the variant called pET-3c was used (Fig 15). The 
vector was digested with BamHI, dephosphorylated with calf intestinal phosphatase, 
and the sticky ends were filled in using the Klenow fragment of DNAPEcl and 
dNTPs. The gene for the mutant Taq DNAP shown in Fig. 4B (mutTag clone 4B) 
was released from pTTQ18 by digestion with EcoRI and Sail, and the "sticky ends" 
were filled in as was done with the vector. The fragment was ligated to the vector 
under standard blunt-end conditions (Sambrook et al., Molecular Cloning, supra), the 
construct was transformed into the BL21(DE3)pLYS strain of E. colU and isolates 
were screened to identify those that were ligated with the gene in the proper 
orientation relative to the promoter. This construction yields another translational 
fusion product, in which the first two amino acids of DNAP Taq (Met- Arg) are 
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